Introduction
Developments in minimal invasive surgery with an increasing number of different treatment options have paved the way for the use of modern imaging techniques for evaluation of benign pathology in the uterus. Optimal assessment of benign uterine abnormalities is important for the correct selection of patients for alternative procedures. It is especially vital in women, who want to preserve fertility, where incorrect evaluation and thereby treatment may lead to failed reproduction. Transvaginal ultrasound (TVS) and magnetic resonance imaging (MRI) are being used for evaluation of the myometrium and exclusion of abnormalities in the uterine cavity, and other techniques such as hysteroscopy (HY) or transvaginal ultrasound (TVS) combined with a saline contrast medium injected into the uterine cavity (i.e. hysterosonographic examination, HSE) are being used for visualization of the uterine cavity.
During recent decades the need for minimal invasive surgery has risen, as has the demand for effective evaluation and singlestep treatment options for common benign gynaecological disorders (Baskett et al., 1996; Dueholm et al., 1999) . Therefore TVS, HSE and HY have become integrated into common gynaecological practice, whereas MRI as a developing, costly new imaging technique has not yet become generally available. The accuracy of these techniques in expert hands has been evaluated and compared in 106 patients undergoing hysterectomy for benign reasons (Dueholm et al., 2001a,b) . The results were comparable for uterine cavity evaluation, but MRI was superior for evaluation of adenomyosis and submucous myomas. These and other evaluations of commonly used imaging techniques (Dudiak et al., 1988; Emanuel et al., 1995; Widrich et al., 1996; Schwarzler et al., 1998) are the basis for the use of imaging technique in benign gynaecology. However, the reliability of these findings in common gynaecological practice depends on their reproducibility by different observers and the reproducibility of gynaecological imaging techniques as such has been the subject of only sparse research (Broekmans et al., 1996; Emanuel et al., 1996; Wolman et al., 1996 Wolman et al., , 1998 Delisle et al., 1998; Spandorfer et al., 1998 ) that has mostly been based on measurements of endometrial thickness at TVS (Delisle et al., 1998; Spandorfer et al., 1998; Wolman et al., 1996 Wolman et al., , 1998 or HSE (Ballard et al., 2000) . Studies on interobserver variations in the evaluation of the uterine cavity in pre-menopausal patients by HY, HSE or MRI have not, to our knowledge, been reported, and only a single study has been performed evaluating the uterine cavity by TVS (Emanuel et al., 1996) . Moreover, no studies have compared observer variations in the assessment of benign abnormalities in the myometrium by MRI and TVS.
The present blinded, prospective study was performed to evaluate and compare inter-observer agreement by TVS, HSE, MRI and HY in evaluating the uterus in pre-menopausal patients who underwent hysterectomy for benign diseases.
Material and methods

Patients and design
The study population included 178 pre-menopausal patients of whom three were not invited to participate, 14 could not be reached by telephone for an appointment, and 53 declined the invitation, one because she was claustrophobic and could not complete the MRI. We excluded all patients with previous transcervical endometrial resection, malignant diagnosis, and acute or sub-acute indications for hysterectomy.
The study included 108 consecutive pre-menopausal patients scheduled for hysterectomy for benign diseases at a university hospital from September 1998 to February 2000. All patients gave their informed consent and the study was approved by the local ethics committee. The indications for hysterectomy were abnormal uterine bleeding in 51 (48%), symptomatic myomas in 35 (33%), lower abdominal pain or endometriosis in 17 (16%), and dysplasia or prior borderline ovarian tumour in three (3%) patients. Abnormal bleeding was present in 82 (77%) of the patients. The mean age (Ϯ SD) was 44.7 Ϯ 5.2 years (range 28-58), parity was 1.73 Ϯ 1.18 (0-4) and the number of pregnancies was 2.68 Ϯ 1.59 (0-7). The mean uterine volume was 298 Ϯ 271 (25-1290) ml.
Two patients were excluded as their uteri were morcelated at hysterectomy (laparoscopically assisted vaginal hysterectomy), and standard pathological examination could therefore not be performed. This left 106 patients for analysis. All underwent MRI followed immediately after by TVS and HSE. Hysterectomy was completed within 2 weeks of these examinations. The surgeons (specialized gynaecologists) performed HY in universal anaesthesia immediately before hysterectomy. MRI, TVS and HSE and HY were performed independently and with no knowledge of other investigators' findings and the results were evaluated consecutively. These results have been reported elsewhere with pathological examination as the true value for evaluation of the diagnostic accuracy (Dueholm et al., 2001a,b) .
Observers
In this study, two observers independently and blindly evaluated consecutive patients at each image technique (MRI, TVS, HSE and HY), and the inter-observer variation of each image technique was calculated and compared.
MRI specialists evaluated all MRI pictures. One of the authors (E.L.) evaluated all the MRI pictures. Another examiner (J.S.) described the MRI in the first 78 patients.
Patients were evaluated consecutively by two experienced gynaecologists, who used TVS and HSE. One author (M.D.) performed all 106 initial TVS and HSE examinations, and another author (S.L.) performed a second TVS and HSE in the first 60 patients. These two investigators alternated taking the first of the two examinations. The second observer performed TVS and HSE after a 5-10 min interval with the patient in the upright position to allow the uterine cavity to be emptied. MRI and TVS observers were senior investigators (E.L., M.D.) and representative members of the specialist team (J.S., S.L.).
196
Six experienced surgeons performed the first observation with HY. One of the authors (M.D. or S.L.) ensured that HY was performed according to standard, and that interpretations of the findings had been correctly entered into the standard form. Another experienced gynaecologist (H.L.) evaluated all recorded videos at HY. This observer was a most senior staff member. Table I shows that 56 of 60 consecutive patients were evaluated by two observers with both TVS and MRI, and that 68 consecutive patients were evaluated by two observers with both HY and MRI. A total of 51 patients had double examinations including all imaging techniques. The procedure for determining the number of patients to be included is explained below (power calculation).
HY, MRI, TVS and HSE
HY was performed in anaesthesia with a rigid 30°hysteroscope and a diagnostic sheath with a 5 mm diameter (Storz Endoscopy, Tuttlingen, Germany). MRI was performed in 1.5 Tesla scanners (Signa; General Electric Medical Systems (Milwaukee, WI, USA) and Philips (Eindhoven, The Netherlands) Gyroscan ACS.NT. Sonography was performed in two perpendicular planes with a commercially available scanner, Acuson no. 3.0 Sequoia™ 512 (Acuson Inc., Mountain View, CA, USA). HSE completed each sonographic examination. Details of this process with definitions of abnormalities have been described elsewhere (Dueholm et al., 2001a,b) . HSE was performed without balloon catheter, thenaculum and anaesthesia to make it acceptable to the patients.
Pictures with measurements were taken for documentation, and a short video was recorded at sonography.
Evaluation of the uterus by TVS, HSE, MRI and HY
Doubtful examinations with poor visualization and/or difficult interpretation were considered equivocal. The quality of an examination was stated as optimal, sub-optimal or not valuable. The uterine cavity contours and endometrial structure were studied. Presence or absence of abnormalities [polyps, submucous myomas (SM), other] was recorded. The myometrium was evaluated by MRI and TVS. All abnormal findings were described, measured and localized in figures in the sagittal plane and to the right and left respectively. (Fleiss, 1981) . For each image technique, cases were categorized according to agreement or disagreement between two observers. The Friedman test was used for multiple paired comparisons, the Krustal Wallis test for unpaired comparison. The McNemar test was used for comparison of the number of cases with agreements/disagreements between two different imaging techniques, and Wilcoxon's signed rank test for non-parametric non-dichotomized data. P Ͻ 0.05 was considered to be statistically significant.
Power calculation
We expected disagreement in 10% of the cases by HSE, and aimed to reach a 10% difference threshold between HSE on the one hand and MRI and HY on the other hand (type I error 5%, type II error 80%). We expected slightly less (7%) difference between HY and MRI, and therefore included another 10 patients for MRI, beyond the 60 double examinations at TVS, and evaluated all videos at HY to be able also to account for possible insufficient video examinations.
Results
Evaluation of the uterine cavity
Agreement between two observers was calculated both for normal or abnormal evaluations of the uterine cavity (Table II) and for individual diagnoses of submucous myomas and polyps.
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The reproducibility of TVS, HSE and HY for simple assessment of normal/abnormal uterine cavity (Table II) Table II ). In contrast, MRI had an excellent reproducibility (kappa ϭ 0.97), with only one disagreement, and there was significant difference between TVS, HSE, HY and MRI in the number of cases with agreement (P ϭ 0.01, Friedman test), and the number of disagreements between observers was significantly lower by MRI than by HY, TVS and HSE, whereas disagreements were not statistically significant for any of the other techniques compared (Table II) .
In 17 cases with disagreement between the two observations at HY, the video recordings were re-evaluated for poor visualization and compared with true findings at pathology. Only one case did not have optimal visualization of abnormalities. Seven of 14 cases with normal cavities at the second observation represented true false-positive findings, and two of three cases with abnormal cavities at the second observation represented true findings. In the remaining eight cases the observed disagreement represented false interpretations of uterine cavities clearly seen on the videos.
Six different observers performed the primary hysteroscopy. There was no significant difference between their observations and those of the second hysteroscopy observer (not significant, Krustal-Wallis test). 
Submucous myomas and polyps
Reproducibility of MRI identification of SM was excellent, but TVS, HSE and HY reproducibility only ranged from intermediate to good, which, however, was slightly better than for evaluation of normal/abnormal cavity (Table III) . MRI, HY, TVS and HSE observers differed significantly (P ϭ 0.02, n ϭ 34, Friedman test) in their evaluation of SM findings and again MRI stood out as the technique that produced the fewest observer discrepancies, whereas observer disagreements reached comparable and higher levels by HY, TVS and HSE. Evaluation of the small number (n ϭ 12) of polyps (Table III) produced kappa values that all indicated poor to intermediate agreement with wide variations and no significant difference in the number of disagreements (Friedman test). It should be noted, however, that the high number of inconclusive examinations by TVS and HSE are not included in the comparisons. The total number of conclusive examinations was evaluated for each abnormality and differed slightly. experience. As expected, we found significantly higher levels of concurrence by different techniques among the most experienced observers than among the other observers.
Most experienced versus senior members of the team
Evaluation of the uterine myometrium
TVS reproducibility in the evaluation of presence or absence of endometrial myomas was good (kappa ϭ 0.74) and MRI reproducibility was excellent (kappa ϭ 0.97) ( Table V) . Again the reproducibility was higher by MRI than by TVS, but the difference was not as marked as in the prior calculations owing to the acceptable reproducibility of TVS.
The mean difference (absolute value) in the number of observed myomas was significantly larger between observers by TVS (0.93) (range: 0-5) than by MRI (0.58) (range: 0-8) (P ϭ 0.02,Wilcoxon signed ranks test). Thus, in the detailed assessment of myometrial myomas, TVS reproducibility was limited in contrast to MRI reproducibility.
Observer agreement and reproducibility of findings of adenomyosis by MRI (Table VI) did not reach the excellent levels obtained for myomas, but, nevertheless, kappa values were good (0.73) and disagreement was restricted to 9% of the cases. However, inter-observer agreement was significantly lower between the two TVS observers (kappa ϭ 0.38, disagree- 
Discussion
This study indicated that integration of modern imaging techniques in common gynaecological practice may produce highly idiosyncratic results. Substantial disparities were seen between results obtained by different observers using TVS, HSE and HY for exclusion of benign abnormalities in the uterine cavity. Inter-observer variation was largely of the same magnitude for these techniques, but rose when they were used to ascertain the presence of specific abnormalities such as polyps. MRI idiosyncrasy, however, was negligent and reproducibility levels for exclusion of abnormalities of the uterine cavity were excellent and significantly higher than for TVS, HSE and HY, even if MRI inter-observer variation reached levels comparable to those of other techniques when used for identification of polyps. Reproducibility in the evaluation of myometrial myomas was good for TVS and excellent for MRI, but TVS was associated with significantly and unsatisfactorily higher inter-observer variation than MRI when deployed for detailed assessment of the number of myomas and for identification of adenomyosis. The difference between MRI and HSE and between HY and HSE was lower between the most senior members of the team, which indicates that HSE is crucially dependent on observer experience; a dependence that may be critical when this method is used by team members with average experience or when inconclusive examinations are included.
Inter-observer disagreements by use of HY may have been biased because the HY study design was not ideal, but it was the only possible design that would ensure patient acceptability. The second observation was performed by a single observer as a review of recorded hysteroscopy protocols. This design may falsely have increased observer reproducibility, because it does not reflect the observer's skill in visualizing the findings, which is an important issue of reproducibility at endoscopy. On the contrary, observer variation may have been biased so that lower levels were found because the first observations by HY were made by different observers. However, the two observations were equally accurate, and it seems unrealistic to expect the reproducibility at HY to be significantly different in another design. Nevertheless, the relatively high level of disagreement in interpretation of the same HY images was surprising as we only evaluated common benign abnormalities and not malignancies and did not attempt a detailed assessment.
The interpretation of small irregularities in the endometrium seemed to be problematic by both TVS, HSE and HY. To ensure patient acceptability, HSE was performed without balloon catheter, thenaculum and anaesthesia, which may have made visualization poorer compared with HY, which was performed in anaesthesia with a rigid hysteroscope.
Modern imaging techniques are high-accuracy techniques that demand utmost attention to detail and observer meticulousness, and different interpretations of even small irregularities will increase inter-observer disparities. The reproducibility of TVS and other endoscopic gynaecological techniques therefore usually falls short of excellence and remains at intermediate or good levels (Adhesion Scoring Group, 1994; Bowman et al., 1995; Rock, 1995; Delisle et al., 1998) .
Reproducibility also seems to be highly dependent upon the degree to which the particular imaging techniques recognize and visualize abnormalities, which in the case of endoscopy and ultrasonography may depend upon the skill of the performer of that technique in displaying a clear image illustrating the entire organ. In contrast, though the image produced in standard MRI settings has an insufficient sensitivity for diagnosis of endometrial polyps (Dueholm et al., 2001a) , it does not depend on investigator skills, and inter-observer reproducibility only depends on differences in the interpretation of the images, which may account at least partly for the higher reproducibility seen by MRI. Moreover, the high level of agreement by MRI may spring from the fact that MRI observers were members of a highly specialized staff that conducts daily image conferences as opposed to TVS, HSE and HY observers, who were members of the gynaecological staff, where TVS, HSE and HY were implemented as part of clinical examinations.
TVS, HSE and HY may owe much of their efficacy as diagnostic tools to the experience and skill of the investigators (Loffer, 1989; Emanuel et al., 1996; Widrich et al., 1996; Schwarzler et al., 1998) , but the rising demand for these modern imaging techniques mandates their introduction into normal gynaecological clinical practice and the design of strategies to raise their effectiveness and reduce inter-observer disparities (Valentin, 1999) . These strategies may include a decentralized organization of gynaecological ultrasound with referral to a specialized educated staff, where well-defined more complicated image evaluations can be performed. Moreover, efforts must be devoted to instituting continuous systematic education in gynaecological ultrasound and hysteroscopy with creation of facilities for training and education. Such efforts may, however, be thwarted by the low observer variation and high accuracy of MRI which may gain ground in spite of its high cost and low availability and at the expense of the more difficult process of decreasing inter-observer variation with simpler and less costly techniques such as TVS, HSE and HY.
The relatively high level of inter-observer disagreement by TVS, HSE and HY reported here warrants continuous monitoring of the quality of gynaecological imaging, and further studies on observer variation in outpatient settings. Such studies should ideally be launched in similar set-ups and should aim at evaluating the reproducibility of outcomes with these imaging techniques.
In conclusion, these findings warrant that efforts should be made to reduce observer variation in the use of imaging techniques in routine gynaecological practice. The alternative is that the more costly and less available imaging technique such as MRI will replace a considerable part of gynaecological imaging techniques in the future.
